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© Apparatus and method for radiographic diagnosis. 

© A radiographic diagnostic apparatus for irradiat- 
ing radiations to the subject for diagnosis, which 
comprises radiation generator section (10) for irra- 
diating radiations to the subject, detecting section 
(18) for detecting radiations passing through the 
subject, and converting the detection results into 
image data, the image data containing first image 
data before catheter insertion and second image 
data after catheter insertion, extracting section (40, 



46, 47) for extracting the desired portion from the 
first image data, image synthesizing section (48, 49) 
for combining the portion extracted at the extracting 
section with either the first image data or the second 
image data and converting the overlapping areas in 
the resulting combined data into different data to 
form third image data, and display section (30) for 
displaying the third image data obtained at the im- 
age synthesizing section. 




F I G. 



Rank Xerox (UK) Business Services 

JNSDOCID: <EP 0518282A1_I_> 



1 



EP 0 518 282 A1 



2 



This invention relates to an apparatus and 
method for radiographic diagnosis of, for example, 
circulatory cases, and more particularly to an ap- 
paratus and method for radiographic diagnosis 
used to introduce a catheter to the target portion of 
the subject: 

In a radiographic diagnosis, particularly that of 
circulatory cases, operations such as PTA (blood 
vessel formation techniques using a catheter) are 
performed, the operator inserts a catheter into a 
blood vessel and moves the catheter along inside 
the blood vessel to the target portion moves it to 
the target portion by watching the X-ray image on 
the TV monitor. It is difficult, however, to decide 
the way in which the catheter should advance, 
since no blood vessel is represented on the X-ray 
image. 

To overcome this problem, in a known method, 
so-called road mapping, a blood vessel contrast 
medium is injected at one end of the catheter, and 
then the catheter is advanced, while the motion of 
the catheter inside the blood vessel is being 
watched. The road mapping has two methods. One 
method is a method of displaying both the blood 
vessel image obtained by being pre-injected blood 
vessel contrast medium thereto and an image in 
parallel, and watching both of them. Another meth- 
od is a method of obtaining a contrast blood vessel 
image by subtracting an image from a blood vessel 
contrast image obtained by pre-injecting a blood 
vessel contrast medium thereto, and displaying the 
direction of advancing the catheter by superim- 
posing the blood vessel contrast image on X-ray 
image. The latter method is called as superimpose 
method. 

An example of the superimpose method will be 
explained, referring to Fig. 1. 

When a blood vessel contrast medium is in- 
jected through the catheter into a blood vessel, the 
blood vessel in which the catheter should move 
appears on the screen. With this operation, a con- 
trast image 110 which contains an image 102 cor- 
responding to a bone portion (hereinafter, referred 
to as a bone portion image data 1 02) and an image 
112 corresponding to a blood vessel (hereinafter, 
referred to as the blood vessel image data 112) is 
obtained. A mask image 100 containing the bone 
portion image data 102 before injection of the 
blood vessel contrast medium is formed before the 
formation of the contrast image 110. After the mask 
image 100 is subtracted from the contrast image 
110 at a subtracter 43, the background (including 
the bone portion image data 102 and muscle por- 
tion not shown here) is erased, creating the blood 
vessel image 120 consisting only of the blood 
vessel image 112. The blood vessel image 112 is 
multiplied by a given value of 1/a for brightness 
control. 



An adder 150 adds the multiplication result, 
bone portion image data 120, and X-ray image 140 
containing the image 142 corresponding to the 
catheter (hereinafter, referred to as the catheter 

5 image data 142) to superimpose each other. This 
addition produces a road map image 160 contain- 
ing the bone portion data 102, blood vessel image 
data 112, and catheter image data 142. 

With this road map image 160, the operator is 

10 able to easily move the catheter in the desired 
direction according to the blood vessel image data 
112 of the map image, facilitating the maneuvering 
of the catheter. 

Another method is to allow easy manipulation 

15 of the catheter by using a high-speed switch (not 
shown) to alternate between the process of display- 
ing a blood vessel image data and the process of 
displaying the X-ray image containing the catheter 
image data to pretend to be superimposed thereof. 

20 The superimpose method has the following 

problem. 

Because the blood vessel image 120 is directly 
superimposed on the X-ray image 140, it is difficult 
to distinguish the catheter image 142 from the 

25 blood vessel image 120 at the overlapping portion. 
Since the direction of the catheter tip is very impor- 
tant in operations such as division of a blood ves- 
sel, a clear distinction between them is necessary. 
Once the blood vessel image data 112 has over- 

30 lapped the catheter image data 142, it is more 
difficult to identify the catheter. In addition to this 
problem, it is less easy to watch the blood vessels 
and the catheter at a portion overlapping the bone 
image 102 and others. 

35 Related literatures to the present invention are 

U.S.P. 4,204,225 and U.S.P. 4,878,115. In the for- 
mer literature, a method for obtaining blood vessel 
image data is described, and in the latter literature, 
one method of superimpose method is described. 

40 Further, another related art for observing only a 

blood vessel image easily by obtaining a peak hold 
thereof is disclosed in Japanese Unexamined Pat- 
ent Application No. 1-178241. With this art, how- 
ever, since a blood vessel image is displayed by 

45 only superimposing a catheter image thereon, it 
has a similar problem to above related art. 

The object of the present invention is to pro- 
vide an apparatus and method for radiographic 
diagnosis that allow a good grasp of the relative 

so position of a catheter inserted into the blood ves- 
sel. 

The foregoing object is accomplished by pro- 
viding a radiographic diagnostic apparatus for irra- 
diating radiations to the subject for diagnosis, com- 
55 prising radiation generator section for irradiating 
radiations to the subject detecting section for de- 
tecting radiations passing through the subject, and 
converting the detection results into image data, 
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the image data containing first image data before 
catheter insertion and second image data after 
catheter insertion, extracting section for extracting 
the desired portion from the first image data, image 
synthesizing section for combining the portion ex- 
tracted at the extracting section with the second 
image data and converting the overlapping areas in 
the resulting combined data into different data to 
form third image data, and display section for dis- 
playing the third image data obtained at the image 
synthesizing section. 

The foregoing object is also accomplished by 
providing a radiographic diagnostic apparatus for 
irradiating radiations to the subject for diagnosis, 
comprising radiation generator section for irradiat- 
ing radiations to the subject, detecting section for 
detecting radiations passing through the subject, 
and converting the detection results into image 
data, the image data containing first image data 
before catheter insertion and second image data 
after catheter insertion, extracting section for ex- 
tracting the desired portions from the first image 
data and second image data, image synthesizing 
section for combining the portion extracted at the 
extracting section with the first image data and 
converting the overlapping areas in the resulting 
combined data into different data to form third 
image data, and display section for displaying the 
third image data obtained at the image synthesiz- 
ing section. 

The first image data contains the mask image 
data obtained by irradiating radiations to the sub- 
ject before the injection of a blood vessel contrast 
medium and the contrast image data obtained by 
irradiating radiations to the subject after the blood 
vessel contrast medium injection, and the extract- 
ing section contains section for obtaining blood 
vessel image data based on the mask image data 
and the contrast image data, and section for ex- 
tracting the blood vessel image data corresponding 
to the edges of blood vessels based on the blood 
vessel image data. 

The second image data contains the catheter 
image data obtained by irradiating radiations to the 
subject in which the catheter has been inserted, 
and the extracting section further includes section 
for obtaining catheter image data based on the 
catheter image data contained in the second image 
data and the mask image data. 

Each of the blood vessel image data, blood 
vessel edge image data, and catheter image data 
is displayed in a specified brightness or in a speci- 
fied color. 

The foregoing object is further achieved by 
providing a radiographic diagnostic method for irra- 
diating radiations to the subject for diagnosis, com- 
prising a first step of irradiating radiations to the 
subject to obtain first image data before catheter 
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insertion and second image data after catheter 
insertion, a second step of extracting the desired 
portion from the first image data, a third step of 
combining the portion extracted in the second step 

5 with the second image data and converting the 
overlapping areas in the resulting combined data 
into different data to form third image data, and a 
fourth step of displaying the third image data. 

The first step contains the step of obtaining 

70 image data before the injection of a blood vessel 
contrast medium prior to catheter insertion and 
image data after the blood vessel contrast medium 
injection prior to catheter insertion, and the second 
step contains the step of obtaining the blood vessel 

15 image data on the desired portion based on the 
image data before and after the blood vessel con- 
trast medium injection, and the step of obtaining 
the blood vessel edge image corresponding to the 
edges of blood vessels based on the blood vessel 

20 image data. 

With an apparatus and method according to 
the present invention, the extracting section ex- 
tracts the blood vessel edge image data corre- 
sponding only to the edges of blood vessels for 

25 special representation, so that the catheter image 
will not overlap the blood vessel image. Since for 
the area where the blood vessel edge image data 
overlaps the second image data, the second image 
data is replaced with the blood vessel edge image 

30 data of a specified brightness before display, so 
that the edge portions of the blood vessels are all 
represented at the same brightness, enabling easy 
identification of the blood vessel portions overlap- 
ping the third image data. Therefore, the blood 

35 vessel network is easier to see and the position of 
the catheter is clearer on the screen, facilitating the 
maneuvering of the catheter to the target blood 
vessel. 

Since for the area where the catheter image 
40 data overlaps the blood vessel image data and/or 
the X-ray image data, the latter date is replaced 
with the former data, and the blood vessel edge 
image data, X-ray image data, and catheter image 
data are displayed in different colors or at different 
45 brightness, respectively (for example, for the area 
overlapping the bone portion, the blood vessels 
and the catheter are represented in special colors 
or at special brightness, the catheter having priority 
over the blood vessels), it is easy to move the 
so catheter to the target blood vessel. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

55 Fig. 1 is a drawing for explaining the operation 

of a conventional radiographic diagnostic ap- 
paratus; 

Fig. 2 is a block diagram of a radiographic 
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diagnostic apparatus according to a first em- 
bodiment of the present invention; 
Fig. 3 is a block diagram of the data processing 
system, a primary portion of the first embodi- 
ment; 

Fig. 4 is a drawing for explaining the operation 
of the first embodiment; 

Fig. 5 is a block diagram of the data processing 
system, a primary portion of a second embodi- 
ment of the present invention; and 
Fig. 6 is a drawing for explaining the operation 
of the second embodiment. 
Referring to the accompanying drawings, em- 
bodiments of the present invention will be ex- 
plained. Although apparatuses according to this 
invention will be explained hereinafter, the same 
reasoning applies to methods according to this 
invention. 

Fig. 2 is a block diagram of a radiographic 
diagnostic apparatus according to a first embodi- 
ment of the present invention. 

In Fig. 2, the radiographic diagnostic apparatus 
of the present invention is composed of a radiation 
generator 10, an X-ray controller 21, an image 
intensifier (hereinafter, referred to as an I. I.) 14, a 
TV camera 18, a data processing system 20, and a 
display section 30. 

An X-ray tube is used as the radiation gener- 
ator 10 in this embodiment. The X-ray tube 10 
placed opposite the I. I. 14 irradiates X-rays to the 
subject 12 positioned between the tube 10 and I. I. 
14. 

The I. I. 14 detects and converts the X-rays 
passing through the subject 12 into an optical im- 
age. The optical image from I. I. 14 goes through 
the optical system (not shown) such as lenses and 
enters the TV camera 18. The TV camera converts 
the optical image into a TV image signal, which is 
supplied to the data processing system 20 ex- 
plained in detail later. The TV image signal pro- 
cessed at the data processing system 20 is sup- 
plied as a road map image to the display section 
30, which displays the road map image. 

The X-ray controller 21 controls the X-ray tube 
10 in terms of X-ray radiation timing as well as the 
data processing system 20 in terms of image pro- 
cessing. 

The function of the data processing system 20 
will be described in detail, referring to Fig. 3, a 
detail block diagram of this system 20. 

The data processing system 20 is made up of 
an analog/digital convert r 22 (hereinafter, referred 
to as the A/D converter 22), a selector switch 23, a 
blood vessel image generator 40, a sobel filter 46, 
a plane memory 47, a first multiplexer 48 
(hereinafter, the first MPX 48), a second multiplexer 
49 (hereinafter, the second MPX 49), and a 
digital/analog converter 28 (hereinafter, the D/A 



converter 28). The blood vessel image generator 
40 is composed of an adder 41, a first to third 
frame memories 24a to 24c, a divider 42, a sub- 
tracter 43, and a comparator 44. 

5 An analog signal (a TV image signal) from the 

TV camera 18 is converted into a digital signal at 
the A/D converter 22. This digital signal is supplied 
to either the blood vessel image generator 40 or 
the first MPX 48, depending on the position of the 

io selector switch 23. Specifically, the image gener- 
ator 40 receives from the selector switch 23 a 
signal of the mask image data (the X-ray image 
data before injection of blood vessel contrast me- 
dium), hereinafter referred to as the mask image 

75 data, and a signal of the contrast image data (the 
X-ray image data after injection of blood vessel 
contrast medium), hereinafter referred to as the 
contrast image data. The first MPX receives from 
the switch 23 a signal of the X-ray image data after 

20 insertion of the catheter (hereinafter, referred to as 
the X-ray image data). 

The mask image data and contrast image data 
are processed at the blood vessel image generator 
40 as follows. 

25 The selector switch 23 supplies the mask im- 

age data and contrast image data to the adder 41 
and comparator 44, respectively. 

The mask image data at the adder 41 is sup- 
plied to the first frame memory 24a. The addition 
30 of the mask image data is continued until the mask 
image data has been supplied for a specified pe- 
riod of time, with the result that the added mask 
image data is stored in the first frame memory 24a. 
Then, the mask image data in the first frame mem- 
35 ory 24a is divided by the number of additions of 
the mask image data at the divider 42 to obtain the 
arithmetical mean of the mask image data. This 
operation produces a noise-reduced mask image 
data, which is supplied to the subtracter 43. 
40 The contrast image data at the comparator 44 

is supplied to the second frame memory 24b, 
which stores this image data. Receiving the con- 
trast image data, the comparator 44 compares the 
contrast image data just supplied from the A/D 
45 converter 22 with that already stored in the second 
frame memory 24b in terms of density on a pixel 
basis. Based on the comparison result, the pixels 
with a high density are extracted to form a contrast 
image data. This image data is supplied to the 
50 second frame memory 24b, which stores the data. 
The image data stored in the second frame mem- 
ory 24b is supplied to the subtracter 43 and sec- 
ond MPX 49. 

By repeating above operation for some frames, 
55 the contrast image data set peak hold is obtained. 

The subtracter 43 subtracts the contrast image 
data of the second frame memory 24b from the 
mask image data of the divider 42, and then sup- 
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plies the result to the third frame memory 24c. The 
third frame memory 24c stores the blood vessel 
image data in a manner described earlier. In the 
above operation, the blood vessel image generator 
40 extracts the blood vessel image only. 

The blood vessel image data extracted at the 
image generator 40 is supplied to the sobel filter 
46. The sobel filter 46 detects the blood vessel 
edge image data corresponding only to the edges 
of blood vessels in the blood vessel image data 
supplied from the blood vessel image generator 40. 
This detecting method will be explained in more 
detail. The sobel filter 46 digital-differentiates the 
blood vessel image data on a pixel-group basis for 
binary-coding. The filter 46, which is a digital filter 
made up of, for example, a 3x3 template, divides 
the blood vessel image data into pixel groups of a 
specified size, using, for example, the 3x3 tem- 
plate. It then differentiates each pixel group in the 
vertical direction (for example, the Y direction) and 
in the horizontal direction (for example, the X direc- 
tion), computes the absolute values of the differen- 
tial results, and compares these absolute values 
with a specified threshold value for binary-coding. 
This operation produces the blood vessel edge 
image data corresponding only to the edges of 
blood vessels. A method of producing this blood 
vessel edge image data is specifically described in 
USP 5,056,524 which is filed by the same ap- 
plicant. 

The output terminal of the sobel filter 46 is 
connected to the plane memory 47, which stores 
the blood edge image data from the filter 46. The 
read terminal of the plane memory 47 is connected 
to the first MPX 48, to which the output terminal of 
the A/D converter 22 is also connected. 

The first MPX 48 receives the X-ray image 
data 140 at the time of catheter insertion, the blood 
edge image data 127. and a specified value "a" to 
control brightness. The first MPX supplies the out- 
put as follows. For 0s in the blood vessel edge 
image data, the first MPX supplies the X-ray image 
data as it is. For 1s in the area where the blood 
vessel edge image data overlaps the X-ray image 
data, the first MPX supplies a specified value "a" 
in place of the X-ray image data. Thus, for the 1s 
in the blood vessel edge data, the X-ray image 
data is converted into the blood edge image data 
with a brightness corresponding to a specified val- 
ue "a." The specified value "a," which is stored in 
a PROM or a RAM, may be changed by the CPU 
or manually. The output of the first MPX is sup- 
plied to the second MPX 49. 

Based on the output of the first MPX and the 
output of the second frame memory 24b, the sec- 
ond MPX supplies the road map image data to the 
D/A converter 28. 

The D/A converter 28 converts the road map 



image data into an analog road map image data. 
The analog road map image data is supplied to the 
display section 30, which displays this road map 
image data. 

5 The operation of the first embodiment con- 

structed as mentioned above will be explained in 
detail, referring to Figs. 2 to 4. Fig. 4 is a drawing 
for explaining the operation of the first embodi- 
ment. 

w When the X-ray switch (not shown) is turned on 

(at To), the X-ray controller 21 issues an X-ray 
radiation instruction to the X-ray tube 10, which 
applies X-rays to the subject 12. The X-rays then 
pass through the subject 12 and enters the I. I. 14. 
75 The optical image converted at I. I. 14 is further 
converted into a TV image signal at the TV camera 
18, and is supplied to the data processing system 
20, which causes the A/D converter 22 to convert 
the optical image into digital image data. 
20 To create the image data with no blood vessel 

contrast medium in the blood vessel of the subject 
12, or the mask image data (the data on the mask 
image 100 having the bone portion data 102 in Fig. 
4), the image data from the A/D converter 22 goes 
25 through the adder 41 to the first frame memory 
24a, which stores this data. When the A/D con- 
verter 22 supplies the next mask image data to the 
adder 41, the mask image data on the preceding 
one frame is read from the first frame memory 24a, 
30 and supplied to the adder 41 . The adder 41 adds 
the mask image data from the A/D converter 22 to 
that stored in the first frame memory 24a, and 
supplies the resulting mask image data to the first 
frame memory 24a, which stores the mask image 
35 data as accumulated mask image data. This addi- 
tion is continued for a specified period of time ti , 
preferably for nearly one second. At the time (Ti) 
when the specified time of period ti has elapsed, 
the add output is divided by the number of addi- 
40 tions of the mask image data to provide the arith- 
metical mean of the output. This arithmetical mean 
decreases noises in the mask image data. The 
mask image data as a result of the arithmetical 
mean is supplied to the subtracter 43. 
45 After the specified time elapsed ti (at Ti), a 

blood vessel contrast medium is inserted into the 
blood vessel to form the contrast image data (the 
data on the contrast image 110 containing the bone 
portion image data 102 and the blood vessel image 
50 data 112 in Fig. 4). The contrast image data from 
the A/D converter 22 is stored in the second frame 
memory 24b via the comparator 44. The density of 
the contrast image data stored in the second frame 
memory 24b is compared with that supplied from 
55 the A/D converter 22 at the comparator 44 on a 
pixel basis. Based on the comparison results, an 
image with pixels of high density in the contrast 
image data is stored in the second frame memory 
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24b. The above comparison is continued until the 
X-ray imaging has been terminated, or until a 
specified period of time t 2 has elapsed (at T2) in 
Fig. 4. 

At the time when the X-ray imaging has 
ceased, the mask image data and contrast image 
data are read from the first frame memory 24a and 
second frame memory 24b, respectively, and are 
supplied to the subtracter 43. The subtracter 43 
subtracts the mask image data from the contrast 
image data to create a data of the blood vessel 
image (the data on the blood vessel image 120 
having the blood vessel image data 112 in Fig. 4). 
The blood vessel image data 112 is supplied from 
the subtracter 43 to the third frame memory 24c, 
which stores this data. 

The data of the blood vessel image stored in 
the third frame memory 24c is supplied to the 
sobel filter 46. The filter 46 divides the data of the 
blood vessel image into pixel groups, differentiates 
each pixel, and obtains the absolute value of each 
result. Among the absolute values thus obtained, 
those exceeding a specified threshold value are 
given, for example, a 1, and those not exceeding 
the threshold value are given a 0, for binary-coding. 
The filter 46 detects the image data corresponding 
to a data of the blood vessel edge (the data cor- 
responding to the blood vessel image 125 having 
the blood edge image data 127 in Fig. 4), and 
produces the data of the binary-coded blood vessel 
edge image, or 1s and 0s. This data of the edge 
image is stored in the plane memory 47. 

When X-ray imaging is started again (at T 3 ), 
the X-ray image data from the A/D converter 22 
(the data on the X-ray image 140 containing the 
catheter image data 1 42 and bone portion image 
data 102 in Fig. 4) passes through the first MPX 
48, second MPX 49, and D/A converter 28, for 
display. Specifically, as noted earlier, for the area 
where the contents of the plane memory 47 (the 
blood vessel edge image data 127) are 0s (that is, 
the area where only the X-ray image data exists), 
the first MPX 48 supplies the X-ray image data as 
it is, whereas for the area where the contents are 
1s (the overlapping area where the X-ray image 
data coexists with the blood vessel edge image 
data), a preset brightness value of "a" is supplied 
in place of the X-ray image data. 

In this way, the portions where the blood ves- 
sel image coexists with the X-ray image are given 
a specified brightness, and the resulting image 
passes through the second MPX 49 and D/A con- 
verter 28, and appears on the display section 30. 
To make the blood vessel edge easy to see, the 
value "a" is adjustable. 

In the road map image thus obtained, the X-ray 
image is displayed in the area where no blood 
vessel exists, and the blood vessel edge portions 
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are represented in a special method in the area 
where the blood vessels exist. Because the cath- 
eter will not overlap the blood vessels, and the 
blood vessels are all displayed at the same bright- 
5 ness, even the blood vessels overlapping the bone 
portions can be identified. In moving the catheter, 
the operator is able to easily identify the blood 
vessels and readily recognize the motion of the 
catheter. 

70 As described above, because the operator is 

able to easily move the catheter to the target blood 
vessel, the burden of his work is reduced. 

When the blood vessel edge image data is 
replaced with the preset value "a" at the first MPX, 

15 a more legible image can be obtained by changing 
the value "a" to change the density level of the 
blood edge image data. 

A second embodiment of the present invention 
will be explained, referring to Figs. 5 and 6. The 

20 basic structure of the second embodiment is the 
same as that of the first embodiment, so that its 
explanation will be omitted. The second embodi- 
ment differs from the first embodiment in the con- 
figuration of the data processing system 20. Fig. 5 

25 is a block diagram of the data processing system 
20 of a radiographic diagnostic apparatus accord- 
ing to the second embodiment of the present in- 
vention. Fig. 6 is a drawing for explaining the 
operation of the Fig. 5 circuit. In Figs. 5 and 6, the 

30 same parts as those in Fig. 3 are indicated by the 
same reference characters, and their explanation 
will be omitted. 

The radiographic diagnostic apparatus of the 
second embodiment provides a special representa- 

35 tion of the catheter image data in addition to the 
representation in the first embodiment, and dis- 
plays the blood vessel image data, catheter image 
data, and X-ray image data in different colors, 
respectively. Here, it is assumed that the blood 

40 vessel image data is displayed in green, the cath- 
eter image data in red, and the X-ray image data in 
monochrome. The allocation of colors to the re- 
spective data may be made in other ways suitable 
for the requirements. In this embodiment, the blood 

45 vessel edge image for the blood vessel image data 
is not detected. 

The radiographic diagnostic apparatus of Fig. 5 
differs from that of the first embodiment in that a 
second comparator 60 is used in place of the sobel 

50 filter 46 and plane memory 47, and that a fourth 
frame memory 54, a third comparator 56, a plane 
memory 58, and a monochrome color table 62 are 
provided in addition to the Fig. 3 configuration. 

The function of the second embodiment thus 

55 constructed will be described. 

The mask image data from the A/D converter 
22 is supplied to the adder 41 , which supplies the 
result to the divider 42. The divider 42 computes 

6 
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the arithmetical mean and supplies the result to the 
first subtracter 43 and second subtracter 52. Re- 
ceiving the contrast image data formed in the same 
manner as in the first embodiment, the first sub- 
tracter 43 subtracts the mask image data from the 
contrast image data, and supplies the result as the 
blood vessel image data to the third frame memory 
24c. The third frame memory 24c stores the blood 
vessel image data. The blood vessel image data is 
read from the third frame memory, and supplied to 
the second comparator 60, which compares it with 
a specified threshold value SHL2 for binary-coding, 
and then supplies the resulting value to a mul- 
tiplexer 64 (hereinafter, referred to as the MPX 64). 

The second subtracter 52 also receives the X- 
ray image containing the catheter image data. The 
second subtracter 52 subtracts the mask image 
data from the X-ray image. The resulting catheter 
image data is supplied to the fourth frame memory 
54. The catheter image data stored in the fourth 
frame memory 54 is supplied to the third compara- 
tor 56, which compares it with a specified threshold 
value SHL1 for binary-coding. This binary-coded 
catheter image data is supplied to the plane mem- 
ory 58, which stores the data. The catheter image 
data from the plane memory is supplied to the 
MPX 64. 

The X-ray data from the A/D converter 22 is 
supplied to the monochrome color table 62 as well 
as to the adder 41 , first comparator 44, and second 
subtracter 52. The monochrome color table 62 ad- 
justs a combination of red R, green G, and blue B 
in order to display the X-ray image data from the 
A/D converter 22 in monochrome gradation of a 
luminance on the color monitor 30a. 

Based on the monochrome data value for the 
X-ray image data from the monochrome color table 
62. the blood vessel data value from the second 
comparator 60, and the catheter image data value 
from the plane memory 58, the MPX 64 switches 
data representation. Specifically, for example, the 
MPX 64 supplies to the D/A converter 28 the color 
for the catheter representation (green in this case) 
for the pixels of 1s in the catheter image data from 
the plane memory 58, and the color for blood 
vessels (red in this case) for the area where the 
pixels of 1s in the catheter image data from the 
plane memory 58 coexist with the pixels of 1s in 
the blood vessel image data from the second com- 
parator 60. For the area where the pixels of 0s in 
the catheter image data coexist with the pixels of 
0s in the blood vessel image data, the MPX 64 
supplies to the D/A converter 28 the monochrome 
data (containing all of R, G. and B) for the X-ray 
image data from the monochrome color table 62. 

The display section 30a receives the digitized 
RGB data from the D/A converter 28, and displays 
a color image according to this RGB data. 



The operation of the second embodiment will 
be explained, referring to Figs. 5 and 6. 

The mask image data 100 is formed in the 
same manner as in the first embodiment. The 
5 divider 42 supplies the mask image data, whose 
noises have been reduced by the arithmetical 
mean, to the first subtracter 43 and second sub- 
tracter 52. 

The contrast image data 110 is formed in the 
w same manner as in the first embodiment. The 
contrast image data 110 from the second frame 
memory 24b is supplied to the first subtracter 43. 
The first subtracter 43 subtracts the mask image 
data from the contrast image data to form the data 
75 of the blood vessel image (the data on the blood 
vessel image 120 having the blood vessel image 
data 112 in Fig. 6). This data of the blood vessel 
image is stored in the third frame memory 24c. 
The second comparator 60 compares the data of 
20 the blood vessel image from the third frame mem- 
ory 24c with the threshold value SHL2. Based on 
the comparison result, the data of the blood vessel 
image is binary-coded (the data on the blood ves- 
sel image 180 having the blood vessel image data 
25 182 in Fig. 6), and supplied to the MPX 64. The 
MPX 64 also receives the data on the comparison 
output image having the data of the binary-coded 
blood vessel image in Fig. 6. 

The formation of catheter image data will be 
30 described. At T 3 , when X-ray imaging is started, 
the second subtracter 52 subtracts the mask image 
data arithmetically averaged at the divider 42 from 
the X-ray image data (the data on the X-ray image 
140 containing the bone portion image data 102 
35 and catheter image data 142 in Fig. 6). As a result 
of this, the data of the catheter image (the data on 
the catheter image 190 containing the catheter 
image data 142 only in Fig. 6) is obtained. The 
data of the catheter image is compared with the 
40 specified threshold value SHL1 at the third com- 
parator 56 to form the data of the binary-coded 
catheter image (the data on the catheter image 195 
containing the catheter image data 197 in Fig. 6). 
This data of the binary-coded catheter image is 
45 supplied to the MPX 64. 

At the same time, the X-ray image data from 
the A/D converter 22 is converted into monoch- 
rome data at the monochrome color table 62, and 
is supplied to the MPX 64. Based on the data of 
so the binary-coded catheter image and the data of 
the binary-coded blood vessel image, the MPX 64 
performs switching. For the area of 1s in the data 
of catheter image from the plane memory 58, the 
color for the catheter presentation (green G in this 
55 case) is supplied to the D/A converter 28. For the 
area where the 0s in the data of the catheter image 
from the plane memory 58 coexist with the 1s in 
the data of the blood vessel image from the second 
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comparator 60, the color for blood vessels (for 
example, red R) is supplied to the D/A converter 
28. For the area where the 0s in the data of the 
catheter image coexist with the 0s in the data of 
the blood vessel image, the monochrome data on 
the X-ray image data from the A/D converter 22 is 
supplied. 

On the color monitor 30a, the X-ray image is 
displayed together with the catheter image and 
blood vessel image, one on top of another, with the 
catheter image in green G, the blood vessel image 
in red R, and the X-ray image in monochrome. To 
prevent the colors from mixing with each other, the 
MPX 64 gives the highest priority to the catheter 
image, the second highest to the blood vessel 
image, and the lowest to the X-ray image for dis- 
play. 

In the area where the catheter image exists, 
the catheter image is displayed in green. In the 
area where no catheter exists, and the blood vessel 
image exists, the blood vessel image is displayed 
in red. In the area where neither the catheter image 
nor the blood vessel image exist, the X-ray image 
is represented in monochrome. The operator may 
change the colors for the catheter and blood vessel 
arbitrarily. 

As noted above, the blood vessels and catheter 
are displayed in different colors with respect to the 
bone portion. Even in the areas where the blood 
vessels or catheter overlaps with the bone portions, 
the blood vessels and catheter are displayed in the 
same color, with the catheter having priority over 
blood vessels in representation. This makes it easy 
to identify the blood vessels and catheter, espe- 
cially the catheter, facilitating the maneuvering of 
the catheter to the target blood vessel. 

Therefore, like the first embodiment, the sec- 
ond embodiment alleviates the burden of the oper- 
ator's work. 

The present invention is not limited to the 
embodiments described above. 

For example, in the first embodiment, each 
image data may be formed by radiography using 
higher radiation, such as DSA (digital subtraction 
angiography). 

In the second embodiment, the mask image 
may be different from that used for the formation of 
the blood vessel image. For example, it may be 
formed just before the formation of the catheter 
image. The blood vessel image may be formed by 
DSA. In place of color representation, monochrome 
representation may be used. 

While in both the first and second embodi- 
ments, X-rays are used as radiations, -y-rays may 
be used. 

The present invention may be practiced or 
embodied in still other ways without departing from 
the spirit or essential character thereof. 
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Claims 

1. A radiographic diagnostic apparatus for irra- 
diating radiations to the subject for diagnosis, 

5 comprising: 

radiation generator means for irradiating 
radiations to said subject; 

detecting means for detecting radiations 
passing through said subject, and converting 
w the detection results into image data, said im- 

age data containing first image data before 
catheter insertion and second image data after 
catheter insertion; 

extracting means for extracting the desired 
75 portion from said first image data; 

image synthesizing means for combining 
the portion extracted at said extracting means 
with said second image data and converting 
the overlapping areas in the resulting com- 
20 bined data into different data to form third 

image data; and 

display means for displaying said third im- 
age data obtained at said image synthesizing 
means. 

25 

2. A radiographic diagnostic apparatus according 
to claim 1, characterized in that said radiation 
generator means is made up of an X-ray tube. 

30 3. A radiographic diagnostic apparatus according 
to claim 1, characterized in that said first im- 
age data contains the mask image data ob- 
tained by irradiating radiations to said subject 
before the injection of a blood vessel contrast 

35 medium and the contrast image data obtained 

by irradiating radiations to said subject after 
the blood vessel contrast medium injection, 
and said extracting means contains means for 
obtaining blood vessel image data based on 

40 said mask image data and said contrast image 

data. 

4. A radiographic diagnostic apparatus according 
to claim 3, characterized in that said extracting 
45 means contains means for detecting the blood 

vessel edge image data corresponding to the 
edges of blood vessels based on said blood 
vessel image data. 

so 5. A radiographic diagnostic apparatus according 
to claim 4, characterized in that said blood 
vessel edge image data detecting means con- 
tains means for binary-coding said blood ves- 
sel image data by differentiating this data on a 

55 pixel basis and then computing the absolute 

values of the differential results. 

6. A radiographic diagnostic apparatus according 
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to claim 4, characterized in that said blood 
vessel edge image data detecting means is 
made up of a sobel filter. 

7. A radiographic diagnostic apparatus according 
to claim 1, characterized in that said display 
means contains means for displaying at a 
specified brightness the areas where the pre- 
ceding data has been replaced with the 
present data by said image synthesizing 
means. 

8. A radiographic diagnostic apparatus for irra- 
diating radiations to the subject for diagnosis, 
comprising: 

radiation generator means for irradiating 
radiations to said subject; 

detecting means for detecting radiations 
passing through said subject, and converting 
the detection results into image data, said im- 
age data containing first image data before 
catheter insertion and second image data after 
catheter insertion; 

extracting means for extracting the desired 
portions from said first image data and second 
image data; 

image synthesizing means for combining 
the portion extracted at said extracting means 
with said first image data and converting the 
overlapping areas in the resulting combined 
data into different data to form third image 
data; and 

display means for displaying said third im- 
age data obtained at said image synthesizing 
means. 

9. A radiographic diagnostic apparatus according 
to claim 8, characterized in that said first im- 
age data contains the mask image data ob- 
tained by irradiating radiations to said subject 
before the injection of a blood vessel contrast 
medium and the contrast image data obtained 
by irradiating radiations to said subject after 
the blood vessel contrast medium injection; 
said second image data contains the catheter 
image data obtained by irradiating radiations to 
said subject in which the catheter has been 
inserted; and said extracting means contains 
means for obtaining blood vessel image data 
based on said mask image data and said con- 
trast image data, and means for obtaining cath- 
eter image data based on said catheter image 
data and said mask image data. 

10. A radiographic diagnostic apparatus according 
to claim 9, characterized in that said catheter 
image data obtaining means contains means 
for binary-coding said catheter image data. 



11. A radiographic diagnostic apparatus according 
to claim 8, characterized in that said display 
means contains means for displaying in a 
specified color the areas where the preceding 

5 data has been replaced with the present data 

by said image synthesizing means. 

12. A radiographic diagnostic method for irradiat- 
ing radiations to the subject for diagnosis, 

70 comprising: 

a first step of irradiating radiations to said 
subject to obtain first image data before cath- 
eter insertion and second image data after 
catheter insertion; 
75 a second step of extracting the desired 

portion from said first image data; 

a third step of combining the portion ex- 
tracted in said second step with said second 
image data and converting the overlapping 
20 areas in the resulting combined data into dif- 

ferent data to form third image data; and 

a fourth step of displaying said third image 
data. 

25 13. A radiographic diagnostic method according to 
claim 12, characterized in that said first step 
contains the step of obtaining image data be- 
fore the injection of a blood vessel contrast 
medium before catheter insertion and image 

30 data after the blood vessel contrast medium 

injection before catheter insertion, and said 
second step contains the step of obtaining 
blood vessel image data on the desired portion 
based on said image data before and after the 

35 blood vessel contrast medium injection. 

14. A radiographic diagnostic method according to 
claim 13. characterized in that said second 
step contains the step of obtaining the blood 

40 vessel edge image corresponding to the edges 

of blood vessels based on said blood vessel 
image data. 

15. A radiographic diagnostic method for irradiat- 
45 ing radiations to the subject for diagnosis, 

comprising: 

a first step of irradiating radiations to said 
subject to obtain first image data before cath- 
eter insertion and second image data after 
so catheter insertion; 

a second step of extracting the desired 
portion from said first image data and said 
second image data; 

a third step of combining the portion ex- 
55 tracted in said second step with said first im- 

age data and converting the overlapping areas 
in the resulting combined data into different 
data to form third image data; and 
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a fourth step of displaying said third image 
data. 

16. A radiographic diagnostic method according to 

claim 15, characterized in that said second 5 
step contains the step of extracting the blood 
vessel image data from said first image data 
and the catheter image data from said second 
image data, and said fourth step contains the 
step of displaying said third image data either 10 
in different colors or at different brightness, 
with the catheter image data having priority 
over the blood vessel image data. 
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